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ABSTRACT

This aocument is the final technical report as reguired for Contract
No. NAS 8-27442 between NASA, Marshall Space Flight Center and Conrac
Corporation, Instrument/Controls Division, 1600 South Mountain Avenue,
Duarte, Califeornia 91010. Exhibit A, Scope of Work for the contract
dated May 1%, 1971, required the developﬁent of a direcf flange mounted
absolute pressureltransducer for use on the Space Shuttle Booster and

Orbiter Propulsion and Control Systems.

The Scope of Work (SOW) specified guidelines for a research and
development program divided into tinree phases,

Phase I

A study leading to the development of one or more design approaches,
Phase 1T

Perform research and development necessary te substantiate the design
appreach selected for presentation to and approvﬁl by the technical con-
tracting officer's representatiﬁe..

Fhase IIX

Production of six (6) prcototype transducers using information concluded

from Phase 1 and Phase IT,

The SOW contained details coticerning: mechanical configuration, weight
and pressure range; electrical parameters such as trapnsduction, eseita-

tion, bridge resistance and sensitivity; performance eriteris included

[
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ABSTRACT (continued)

statie error and total error; environmental requirements included temper-
ature range, vibration, acceleration, altitude and humidity; documentation

and delivery schedule were also indicated,

Phase I of the program was successfully c0mple£ed with a preliminary
design review of such subjects as: the trade studies for media isolation
and one sensor vs. two sensors for two bridges; compensation resisliors;
unit design; hydrogén embrittlement; sealing techniques znd test staticn
design. The first phase was completed within the contract allocated three-

" month period, and Phase I1 started in August of 1971..

Phase II was a design substantiation phase consisting of testing of a
prototype unit and studies of fabricatioﬁ techniques. A cryogenic test
station was implementéd and prototype sensor cells were fabricated,
sensors assembled and cryogenic tests performed. The formal design
review held at the end of Phase 1T indicated that the fabrication and
teét of final units in‘Phase I1TI would encounter difficulties based on
the results of the design verification Phgse I1. However, the resulits
were sufficiently encouraging to warrant the continuation of the program

into Phase III.
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ABSTRACT (continued)

Phase III beg;n in March 1972 within tﬁe 12 months allocated by céntract.
As a result of the Phase II design review, 22 additional tasks were undey -
taken with the fabrication and unit tests deferred until the additional
investigdtions were completed. The final phase encountered many fabri-
cation difficulties resulting in a number of formal schedule revisions.
The major difficulties ceantered around bonding materials of the sensor
assembly and avoiding thermal shock to the sensor during various fabri-
cation stages. A number of different approaches are described in this

. veport leading to thg final conclusion that all dEVeloped-teéhniques vere
inadequate to produce a sensor capable of meeting the 50W requirements.

A review of the final design was held with the cdntracting officer's
technical represeﬁtative in Nevember 1973, resulting in the decision to

terminate the program.
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1.0 SCOPE OF WORK

The Scope of Work (Figuré 1.0 is Exhibit A of tﬂe contract and.it
specifies guidelines for the pérformance of the prbgram in terms of period of
‘performance, design geoal parameters, environmental requirements and deliverable
documentation., The Scope of Work was to be completed inlthree phases.

3 menth duration

Phase I  ~ Design Study

Phase X1 -~ Design Substantiation - 9 month duration

Phase II1 - Protobype Fabrication - 12 months duration
Phase 1 was a study of the various techniques used by Conrac in numerous pxe-
vious solid state pressure transducer designs, as they could be extended to
high pressure (8000 psi) and cryogenic temperature ranges. This phase was
successiuily completé& in August 1671. Phase II was davoted to the verifi-
cation, through tests, of the design resulting frOm.Phase 1. Transducer cells
were built and tested.at cryogenic‘temperatures and a unit housing design was
" completed. A formal design review was held in February 1972 which indicated
that the program should proceed td Phase IIX, although results of tests in
" Phase II and a review of fabrication problems indicated serious diffieculties
coﬁld be expected in Phase II1 fabrieation when a final design was to be pro-
duced, Phase 11T was assigned additional tasks, investigatory in nature, which
had to be completed before f£inal fabrication and testing was to be initiated.
The additional tasks encountered many difficulties in an attempt to produce
fabrication techniques which were reproducible and which could deliver units

with a reascnable yield. At the program end, the fabrication techniques were
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1.0 SCOPE OF WORK (continued)

not adequate to .build more than a few laboratory units, and when tested, the
units could not meet specification requirements., The program was terminated
after a revigu,ﬁiLh_Raymﬁglder, NASA-MEFC 1in Movember 1972 and it was agreed
‘. Skl

that none of the approaches would be fruitful and the program should be
terminated, |

Figure l.i is a schedule of the program tasks by phase and the reported
completion dates. These tasks are identified by the original program plan shown
in the first monthly progress repovt, oxr imn the subsequent revisions included

in the following monthly progfess reparts.
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e Contract NAS8-27442
‘Conrac Corporation

. EXHIBIT "A"
SCOPE OF WORK

A, | STATEMENT OF WORK

Develop a direct flange mounted absolute pressure transducer for use
" on ithe Space*Shuttle Booster and Orbiter Propulsion and Control Systems.
“The’ContraLtor shall use his -past experience in the pressure measurement
field and present state-of-the-art techniques to achlieve these research

and development goals and guideline specifications of this document.

Requirements in addition to those listed in the guideline specifi-
cations should be in general agreement with Government standards, speci-
. fications, bulletins, and recommended practices and deviations from these
" guideline specifications should be noted and discussed with the COR tech-

nical representative if the Coutgactor thiﬂku these deviations might lead
to a superior product.
' "Phase I - The Contractor shall study the development guidelines, speci-
firations, and goals and develop one or more design approaches for a prelimi-
nary deaigq review.

Phase II - Perform necessary research and development to substantiate
" selected design approach and present this information to the technical
Contracting Officer's representative for final approval.

Phase III - The Contractor shall produce six (6) proiotype transducers
using information concluded from results of Phase I and II, Two of these
transducetrs shall be compensated for high temperature pressure measurem2nt,
two for medium temperature measurement, and two transducers for low tempera-
‘ture pressure measurement,

‘GUIBELINE SPECIFICATION
" 1.0 MECHANICALA
The pressure rransducer shall be designed with dual cutput signals
,prnportlonal to applied pressure. The pressure medias shall be liquid or
gaseous, hydrogen, helium, or oxygen. Hydraulic fluids or gaseous products
from combustion of hydrogen or oxygen shall also be considered.

1.1 Configuration - The.exact configuration of the transducer shall be
determined at the conclusion of Phase I1. A typical configuration is shown
in Figure 2. (Ses Attachment No. 2).| ' ' : f

1.2 Weight: Maximum of 8 oz.

1.3 FPressure range:l 3 ea, 0'to 50 psia and 3 ea, 0 to 8000 psia. '

- 1.4 Proof pressure: 200 percent of range

Figure 1.0 , ' N <
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“= ... . .Conmtract NAS8-27442
Conrac Corporation

- EXHIBIT VAT
SCOPE OF WCRK

1.5 Burst pressure: 300 percent of range
. 2.0 ELECIRICAL

2.1 Transductibn - Two four arm balanced strain gage bridges.

- 2,2 Excitation nominal - 10 VDC

2,3 Bridge resistance: Not less than 350 ohms or greater than 1500 ohms.

2.4 Sensitivityf 3 mvfv '.

2.5 Insulation vesistance: 300 megohms at 50 VDC.

2.6 FElectrical simulation: Shdrting,of designated pins on electrical
connector with 0 psia and 10 vdc applied to the transducer shall produce

an electrical output equivalent to the application of 20 + 1 and 80 + 1%
of full range of pressure, at 25°C + 159C. (This requirement is for

" interchangeability). The shunt to pressure correlation error shall not

exceed +0.5% of full scale 1ange over the compensated temperature r@nbe.

2,7 Temperature Qutput: An output shall be provided for menitoring

-eritical internal temherﬂtu:e effecting transducnr performance (p oposel,

2.8 Electrical-conﬁector' TSO2WML2-8P-F2 as per MSFC 50M5045? - ered

‘according to Figure 1. (See Attachment No., 1).

3.0 PERFORMANCE ,i

3.1 Erkor.- The deviation of the transducer calibration curve from
the specified reference line shall be the transducer error. The reference
line for determining static and total error shall be the straight line
connecting the calibrated end points from the initial calibration of the
transducer. Zero balance shall be 0 + 1% of full scale.

3.2 Static error: Static error shall include non-linearity, repeat-
ability, long term stability, and any other errors that can cont*lbuLe Lo
static errer. Static error shall not exceed +0.5 percent.-

3.3 Total error: The total error shall be destermined by combining the
individual errors by the root mean square method. The total error shall
include the individual errors or errors in any combination from temperature,
acceleration, vibration thermal sheck, altitude, humidity, life test, and

"any other natural or induced environment expericnced onboard a vehicle such

as space shuttle. The total error shall not exceed +2 percent of Iull scale
range. :

Figure 1.0 (continued)
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Contract NASA-27443
et e e Qonrac Corporation

EXHIBIT "A"

4,0 _ENVIRONMENTAL REQUIREMENTS

)
4,1 Temperature or sensing elements: Limits- 269°C to +205 C
- compensated range. : o o -
Low temperature range: =540 C to - 269 C } .
Medium temperature range: =549C to +74°C : ) o L
High temperature range: <74°C to +205° C ‘ I .

4,2 Vibration:

S{nusoidal: ' o

5 to 30 Hz @G 0.3 inch double amplitude.

30 to 400 Hz @ 15 g peak

400 to 900 Hz @ 0.00017 inch double amplitude
900 to 3000 Hz @ 70 g peak. .

Random | 5 ' .
20 to 280 Hz - 0.2 g /Hz
280 to 350 Hz -~ +24 db/pctave
350 to 2000 Hz - 1.75 g2/H=z
4.3 hcceleration: 10 g
4.4 Altitude: 10-6 Torr for periods up to 30 days

4.5 Humidity: 5 to 100%

4.6 ?ungus, Rain, Sand, Dust, and Salt Spray - Protected
5,0 MATERIALS, PROCESSES AND PARTS
The materials, processes, and parts shall be approved by the-

Contracting Officer's Representative before fabricating the prototype
transducers. Special attention shall be given to hydrogen embrittle-

ment so that parts exposed to hydrogen will not suffer structural or
performance degradation over the 1ife of the transducer.

" B, DOCUMENTATION

The Contractor shall submit six (6‘ sets of shop draw:ngf plua-one (1)
set of reproducibles.

MOTE - See NOTE 1. under'paragraph D. below,

[ e

C. |DELIVERY SCHEDULE

Phase I ~ 3 Monthsrfrom the effective date bf the coutract,

Phase II -~ 9 months from the effective date of the contract.

| Phase 1JI - 12 months from the effective date of the contract,

3

Figure 1.0 (continued)
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EXHIBIT "A"

D. REPORTS REQUIREMENTS

1, Monthly Progrcss' The Contractor shall prepare and submit in
Ctwelve (12) copies, a brief and informal status report in letter
form within fifteen (i5) days following the month being reported upori,
This report shall include: _ '

‘ a. A brief resumé in narrative form of work accomplished durlng
reporting period,

b. An'indication of any problems which may impede performance,
and proposed corrective action. ’ '

: ‘c. A discussion of the work to be performed during the next

- reporting period ' :

‘ _ , | -

, d, Im addltion to the information above, the Contractor shall
"include the following in the monthly progress 1etter' —

N ¢H) ExpEndutures
(2) Estimated funds to completion _ _

{3) Problem arcas - As an example: Explanation of
expected overrun.

2. Final Report: The Contractor shall submit eight coples, plus two-
‘yeproducibles of the final report within thirty (30) calendar days after the
completion of the work called for under this contract. The report shall
document in detail all of the work performed under the contract including
data, analysis, and interpretations as well as recommendations and con-
clusicns based upon the results obtained., The table shall include tables,

" diagrams, curves, photos; and drawings in sufficient detail to comprehensively
éxplain the results obtained. . 7 I

"NOTE 1. All technical reports, publications, and visual presentations

' submitted to MSFC under this contract shall use the International
System of Units as the preferred primary system. Expression in | -
both SI units and customary units is acceptable where the use of = -
5T 'vnits alone would obviously impair communication or reduce the

| usefulness of the report to the primary rfecipients. When both
systems of units are used, SI units are to be stated first and
customary units afterwards, in parentheses. 1In edch such case,
the public¢ation shall state which system of units was used for the
principal measurements and calculations.. SI units are SpCCLLLed in
National Buredu of Standards Technical News Rulletin, Vol. 48, Ko. 4,
Page €1, April 1964; and defined in NASA SP-7012, The International
System of Units, Physical Constants, and Conversion Factors,
revised 1969. Both of these documents can he obtained frcm the
“Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C. 20402,

4
Figure 1.0 (continued)
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Conrac Corporation

3. Reports Distribution - Reports distribution will be as follows:

Addressee ' ' Monthly ' - Final

A&TS-PR-M 1 0

A&TS-MS-IL - 1 e

A&TS-MS-1IP 0 2

A&TS-TU. 0 1

Applicable DLCASO 1 1

AKTS-FIN-A 2 0

B&E~ASTR-1M ) "2 plus 2 repro.
S&E-ASTR-ZI 1 S '

Figure 1.0 '(conti@ﬁéd)
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Contract MNASS8-27442
_ Conrac Corporation
ATTACHMENT 1 o :

hd
Pl

+EXCITATION

+OUTPUT #1
-EXCITATION
-OUTPUT #1
\ CHECKOUT 20%
R20 . SHUNT '
RBO CALIBRATION .. —_—
EAAAASS ' 3 | CHECKOUT 80%

. E | +OUTPUT #2

5 — — ' " F | .QUTPRUT #2

CONNECTOR WIRING DIAGRAM WITH
COMMON ELECTRICAL SHUNT CHECKOUT RESISTORS

e 4

FjCHJE{Ell

Figure 1.0 (continued)
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ATTACHMENT 2

+.006 DIA 4 HOLES |
-. 001 EQUALLY SPACED

281

SEALING SURFACE

.365 DIA MAX, .

FIGURE 2
!'/ \i o

“'-—"“% ] 03?5

Contract NAS8-27442
Conrac Corporation

| e 2.80 MAX o]

— 1. 00 DIA MAX

..'If:'

.005 + O005R

32/ 8
\/ C OR

| .00l

- Figure 1.0 {continued)
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Prezsure Transducer - Space Shuttle

Schedule

Phase I - Program Plan Tasks

Design

1, Trade-offs involved in use of
media isolated transducer

2. Trade-offs involved in use of two bridges

- on one sensor vs. tWO Sensors

3. Selection of compensation resistors

4. Design of 8000 psi

5, Fabricate B000 psi mask

6. Review of materials for hydrogen embrittlement

7. Preliminary housing design

8. Investigation of si-pyrex-metal sealing
Ba. Sealing parameters
8b. Senéor operation - room temperature
8c. Sensor exposure - LN2 temperature

9. Cryogenic test station design

10. | Preliminary design review

Figure 1.1

ER 4715-%8

Reported Completion

7-23-71

7-23-71
8-16-71
8-16-71
10-4-71
B-16-71

8-16-71
7-10-71
10-11-71

10-11-71

8-16-71
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Pressure Transducer - Space Shuttle

Schedule
Phase II ~ Program Plan Tasks ' Reported Ccmpletion

Design Verification
i. Build cryogenic test station

la. LN, o ’ 10-11-71

1b. He | | 11-20-71
2. Diaphragm diffusion ‘ | 11-15-71
3. Cell fabrication . . ‘ 12—27;71
4.  Hardware fabrication ‘ | 2-18-72
3, Assembly and preliminary test ' . 2-18—72-
5.. Senser tests . 2.18-72
7. Test plan .‘ 11-15-71
8. LN, tests ' - 3-16-72
S. He tests ' _ ' deferred
io0. Sensor composition studies 12-27-71
11. Housing design ' 3-16-72

12, Phase Il test completed 3-16-72

Figure 1.1 (continued)
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Pregsure Transducer - Space Shuttle

Schedule

Phase IIT - Program Plan Tasks (Revised)

10.
11.
12.
13,
14.
15.

16,

ig.

Evalvation of Corning 7052 Gléss

Prepare blanks

Polish

Assemble test units

Inspect

Test

Procure polished 7052 Glass

Test bouds to kovar

Test bonds of quartz to kovar

Test bonds of vycor to kovar

Investigation of gradad seals

Geomatry change to reduce shear surfaces to one
Fabricate new geometry parts

Test parts for thermal shock damage
Fabricate sensor paris for transducer tests
Asgemble transducer

Test transducer

Prepare tooling to aveoid thermal shock damage
when bonding : ‘

Figure 1.! {continued)

Reported Completion

6-1-72
6-1-72
6-1-72
deferred
defervred
deferred
9-26-72
9-26-72
8-26-72
G.26-72
1-18-72
1-18-73
1-18-73
1-18-73
3;30—73
3-30;?3

5-10-73

8-8-73
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Pressure Transducer - Space Shuttle

Schedule

- Program Plan Tasks (Reviged)

19.
20.
21.
22,

23.

Test tqoling'
Redesign glasé body to ceramic (AL203)

Fabricate AL body

2%3

Pressure/temperature test sensox

Reviewed program status with Ray Holder, NASA-MSFC '

at Conrac

Figure 1.1

Reported Completion

9-24-73
9-24~73
10-15-73

11-6-73

11-14-73

(continued)
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2.0 PHASE 1 - DESIGN STUDY

The progress during the initial phase of the program is reported in
the immediately following Progress Reports 1, Z, 3 and 4. The technical studies,
tests and investigations are reported in the progress reports for the periods
in which the work was in process. Comments preceding the reproduced reports are
designed to highlight significant events and to proﬁide continuity through each
phase,

The trade-off studies indicated in Frogress Report 1 were completed
with the determination that the media isolated design, while it represented
more deﬁelopment risk, did in fact provide an overwhelming advantage when the
application was considered. Coupled with this design approach, it was decided
that ©wo bridges on‘bne.sensur was the most efficient and cost effective approach,
and_therefore it became the baseline design. -

The selection of compensation resigtors became an extended program
because it became evident there was little information publically available.

The investigation continued until August 1971 ﬁith the result that resistor
types were selected which could meet the cryogenic application. Additionally,
a study indicated that hydrogen embrittlement would have no adverse effects om
the transducer materials selected.

An investigation into silicon-pyrex-metal sezling indicated that
high temperatures_wefe necessary for the process which woulid lead te fabricatioun
problems throughout the program, in that high temperature shock during sealing

andfor wire bonding would cause destruction of the celi, Phase 1 was'completed
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2.0 PHASE T .- DESIGN STUDY (continued)

with design review at Conrac on August 16, 1971, attended by H. 5. Harman,
NASA-MSFC. The review included sensor design, housing design, silicon-pyrex-

metal sealing, compensation resistors, and the cryogenic test station.
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Progress Beport 1

May 1971



PRESSURE TRANSDUCER FOR SPACE SHUTILE BOOSTER
CONTRACT NO, NASE-27442

PROGRESS REIORY

May 1971

1. Work Accomplished During Reporting Period

Program was initiated during the last week of.Ma§ 1971..

1.1 Detailed program plan was prepared and iz shown .as Figure 1.

1.2 Design trode-off studies were begun relative to the use of standard
Semiconductor Strain Gage vs media isolated design ond relative te

the use of two bridges on one senscr vs [whH sensors.

1.3 A survey of available zero temperature coofficient resistovs for use

at cryogenic temperature was begun,

Problem_Areas

Ko problem areas were encountered during the month of May 1871.

Work Planned for Menth of June 1971

3.1 Complete study of trade-offs involved in use of wedia isolated &

(item 1.1 of Program Plan},

3.2 Complete study of trade-offs involved in use of two bridgas on one

sensor ve two sensors (icem 1.2 of Program Plan).

3.2 Select compensation resistors (itewm 1.3 of Program Plan).

3,3 Begin design of 8000 psi diaphragm and sensor (item 1.4 of Prvopram

T

Plan).

3.4 Bepin review of materials fov hydrogen embrittlement (item

Program Plan).

3,5 ZPepgin investigation of sealing parameters for accomplishing the
silicon-pyres-metal seal that is vequired for the media isclated

sensor design, This seal should be done at as low
as possible to avoid residual stresses during coolin
operating tewmperatures (ifem 1.7.1 of Propram Plan).

temperature
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24 June 1971

PRESSURE TRAMSDUCER FOR SPACE SHULTLE BOOSTER PROGRESS REPORT, MAY 1971

Lo !
(continued) :
t
i
&, Schedule
. |
be schedule shown in the Program Plan (Figure 1) is essentially the |
same as the originally proposed schedule. No schedule adjustments were '
found to be necessary in May.
i
1
t
i
!
1
i
i
i
!
1
!
!
|

raGH NO, L2 )
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PRCORAM PTAN CUNTRACT WASE-27642
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER

Pl

[,
—
el

b :
o ' CONLRACT NO, NAS8-27442
: p PROGRESS REPORT o ' ,

June 1971

i

1,0 WORK ACCOMPLISHED DURING REFORTING PERIOD

ml
12

1,1 Desjizn Trade-off Strudies

L

1Y

' 1.1.1 Standard vs. Media Isolated Design

The standard Model 4715 transducer design is shown in Figure L.
It consisis of a single crystal silicon sensor cell essentially,
immersed in a hydrosiatic pressure field. This design presents |
some advantages that cannot be securad in any othier way - narmly
the absence of any extraneous insulating matecvial. The use of a
sensor fabricated from a single material obviously eliminates
.any possible differential thermal expansion problems. Along
. with the advanitage, however, there are obvious limitations. i
i ' The electrical leads are exposed to the pressure media and if
‘ these media are electrically conductive, degradation of pprforn-
ance will result. '

i
1
1
i

. }
While Mcdel 4715 transducer has been used successfully in air
data (altitude-airspead) type applications, the gquestion avizes'
as to what will happenr when it is exposed, for example, to thsz :
combustion products ol an engine. There is now data available
which bears on this problem. Model 4715 transducer wae selected
for use of the DC-10 flight test program to measure cove and fan
exhaust pressures on the engines. Two transducers were mountod:
in the engine nacelle, ong each connected to the core and to the
fan exhaust. The transducers were operated at a fixed tewpera-:
ture in the range of 230°F (transducers were rated to 200°F max.)
by weans of a temperature regulated oven desigred and developed’
for this purpese by MDAC engineers. Electronics (power supply, .
amplifiers, A-D converters, etc,) were located in the cabin at F
the end of approximately 50 to 100 fecet of cable. The accuracy.
objective was 0.05% of full scale for the entire system. Alter:
several. thousand hours of operation, the system acouracy was E
: . found by comparing the pressure reading at atmospheric pressure.
5 " to the barometer rzading to be in most instances apprdxiﬂwtely
0.05% and in the worst case to be no worse than 0.2%. It has
not been possible to isolate the cause of the errors. The i
results do indicate, however, that Model 4715 transducer is

i , capable of making accurate measurcments in an engine eaviron-
v = T ment when exposed tolenging” exhaust—gaseg;—— T

_ | COPAGE NG,
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L...;

"l(continued)

i ' -
.»-1.1.1 Standard ws, Media Isolated Design {continued)

; The media isoclated design on the other hand is unproven, but,
- - if successful, will provide a mere versatile unit. Therefore :
! the major effort will be toward the wmedia isolated unit with i
the standard unit as a backup design. )

There are a number of possible configurations of the media
isolated transducer which have been considercd for use in the
cryogenic pressure Cransducer programs. Two of these configu-
rations that appeared wost promising are shown in Figure 2.
The basic difference between the two configurations is that
in configuration A the silicon-pyrex-mztal bond is made over
a small radius near the center of the sensor and is well
isolated from the strain sensing strain gages. The bond is !
in tension. In configuration B, the bond is in compression,
However, it is made at a large radius and is more directly i
coupled to the strain gages. Configuration A would be clearly |
preferable if the tensile stress at the joint can be kept
within reascnable limits. Considering the pyrex wount to ba
a cylinder with an inside diameter of .080 inch and an outside
diameter of .650 inch, the. teusile stress in the joint will be

T, = (.080/.65002 x P

where P is the applied pressure. The maximum stress at proof !
pressure (200% of full scale) is 242 psi for the 8000 psi range!

uniL. The mlnimum tensil strength uf bonuds made by the e}ecﬁro-

Avplied Phvsics, Vol 40, pp 3946 - 3949, Septcmher 1969) A
4 to 1 safety wmargin exists then for the 8000 psi unit at 2007 5
overpressure,

1.1.2 Redundant Brideces

The standard Model 4715 transducer has 12 strain gages diffused
into each diaphragm. Frow thesa 12 strain gages it is possible
to select 225 different Wheatstone bridge combinations. It is

possible to use the extra strain gages to provide an additicnal,
redundant, strain gage bridge. As an alternative, the redundant
sensor could be supplied on a completely separate sensor ceil as
shown in F1gurg 1. The trade-offs are different For the wedla '

e
' |
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i (continued)
:351.1.2 Redundant Bridees (continued)
s
iZ! isolated as opposed to the standard sensor design and are
T : summarized below: ' |
ol i
%
-
) Standard . Media Isolated i
2 Bridges } 2 Bridges |
2 Sensors on 1 Sensor 2 Serisors on 1 Sensor
'Redundant: diaphragms Yes No Yes No E
Size relative to |
1 same design with 207 greater | - Sane 807 greater Same i
cone bridge, {
Performance Same Redundant Same Redundant }

bridge would
have degraded
performance. -

- 1
bridge would |
have degraded:
perfoirmance.

‘Cost in production
crelative to same
“design with one
“bridge.¥

60% greater 40% greater 1 100% greater

407 greater

#Assuming both bridges to meet the same performauce.

——— - - -
F
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» ' PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER PROGRESS REPORT, JUNE 1971
.ﬁ'(continued)

= 1.2 Compensation Resistors

= A survey of commercially available resistors is under way. Sources of
-~ jinformation being couasidered are vendor information and government

- evaluation reports. In additjion to this search, a number of standard
= mil spec resistors will be evaluated experimentally. It appears at

;: this time that the evaluation of compensation resistors will be an

- on-going effort for the duration of the program. Any information that

NASA can provide on the evaluation of resistors at cryogenic tempera-

‘tures will be appreciated.

Design of High Pressure_Sensor

Design is under way on the 8000 psia pressure sensor. Based on
trade-off studies described above, the design is based on the con-
figuration shown schematically in Figure 24, h

Sealing Parameters

Preliminary investigation of sealing pavameters indicates acceptable -

bending at the foliowing parameters:

Temperature 750°F
Atmosphere Auwbient air
Voltage 1500 V
Tiwe 15 min.

Bonds at 650°F are marginal indicating the necessity of higher tem-
peratures. Work will continue in this area to establish the lowest
temperature that will result in reliable bonds. This is important
in that lower bonding temperatures will result in lower residual
stresses in the finished sensor, It appears thal improved surface
flatness and finish would possibly permit lower bonding temperature,
The effects of the ambient gas media may also be important in form-
ing the pyrex-metal bond.

' [l
1 2.0 PROBLEM AREAS

Ta the area of compeunsation resitor evaluation, very little published
information has been found. Effort in this area is being incredsed.

FAGE MO,
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;ﬁ(continued)
|
U
g
a1
.~'3.0 HWORK PLANNED FOR MONTH OF_JULY 1971 ‘
gi 3.1 Compensation Resistors
” (1) Continue search for published information. f
;‘ (2) RBegin experimental evaluation of available resistors. . 3
3.2"Comp1ete design of 8000 psi sensor.
3.3 . Continue 1nvestlgat10n of sealing pavaweters for 1ccompllsh1nv
silicon-pyrex-metal seal. Preliminary work indicates necassity
for temperatures of 700°F or above.
3.4 Begin fabrication of Photolithographic mask for 2000 psi sensor.
3.5 Begin preliminary housing design.
3.6 Begin cryogenic test station design,

4,0 SCHEDULE
The updated program plan is shown as TFigure 3. The compensation %
resistor evaluation is shown as an on-going effort throughout the
program, No other changes in schedule have been necessary. ;

i

i

E

; = i
PAGE NO, 15
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1.0

WORK

PRESSURE TRAKSDUCER FOR SPACE SHUTTLE BOOSIER

CONTRACT NO, WNASE-27442

PROGRESS REPORY

JULY 1971

ACCOMPLISHED DURING THE REPORTING PERlbD

1.1

1.2

Selection of Resistors

A report on eryogenic behavior of a number of metal film (RNGOD,

RN703%, RN?Oﬁ, RN5CC, . RNGS5C, RWN60C) resistors was received and

reviewed (RADC~TR-65-294; Levi, Mark; "Low Temperature Resistance

of Selected Resistors'; Augﬁst 1965). The results indicate that.

RNGO or RN50 rxesistors will be suitable for ocur applicatien., A

number of vesistors of these types will be tested.

Dasign of 8000 psi Sensor Cell

The diaphragm thickness and unsupported dismeier ave taken from

The diameter is 375

ground rules for the

photoelastic studies

sional relationships

where the dimensions

a standard chart (Figure 1) for Conrac Silicon Sensor design,

inch with a thicknesgs of 150 inch. The
other dimensiens have been determined from
on model sensors., Some of the key dimen-

are:

(D-E)Y /2 < 24

are as labeled on Tigure 2, As long as

these criterio are followzd, the theoretical pressure-strain

PAGE NO,
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PRESSURE TRANéDUCER FOR SPACE SHUTTLE BOOSTER

PROGRESS REPORT, JULY 1971 (continued)
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FRESSURE TRANSDUCER FOR SPACE SHUTTL“ BOOSTER
PROGRESS REPORT, JULY 1971 (continued)

1.2 Desjien of 8000 psi Sensor Cell {confinued)
relationships for a clamped diaphragm will hold. The final
dimensicns are as shown on Figure 2,

4

1.3 Review of Materials for Hvdrogen Embrittlement

A review of the literature shows that hydrogen embrittlement.
occurs in high carbon type stecls. The materials'sqlected for
the‘tfansducer include 304 stainless ;téel, kovar, silicon,
pyrex glass and a ceramic insulating material (specific ceramic
type not, yet selected). None of these materials are subject to g
hydrogen embrittlement. Hydrogen embrittlement will continue ‘
to be a key factor ig material selection,

1.4 Preliminarv Housing Desgign

Two alternative designs for the 8000 psi unit have been pre-
pared, The first de;ign (Figufe 3} uses threaded and welded
construction to satisfy the 24,000 psi case burst requirement.
The second design utilizes self-eunecrgizing rings to confine
the pressure to a smaller diameter, thus reducing the axial
load on the threads (Figure 4}.

1,5 Sealing Patameters

After initially highly successful metal-pyrex~silicon sealing,
recent efforts to fabricate a sensor by this method have all .

failed. The failures dppear ‘at this time to be caused by

E
OXCBS sive conLaminatlon and ixreguiarlulca in the glavs

PAGL WO, ,ff._?
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER
PROGRESS REPORT, JULY 1971 (continued)

1,5 Sealing Parameters (continued)

surface which are visible under a microscope. This includes such
things as small glags particles and other debris fused to the
surface during the rolling process. Polished glass.will be pro-
cured to alleviaté this problem. As an interim éolution, the
existing glass stock will bé polished prior to use. A preliminary
silicon-glass-metal secal procedure is attached to this report as

Appendix A,

2.0 PROBLEM ARFAS ' ; . .

2.1 Silicen-Glass-~Metal Seal

Silicon~-glass-metal seals have begen unsuccessful due to .inadequate
glass surface quality. Complete discussion in paragraph L.5 of

this report.

2.2 Fuxpansion Coefficient - Kovar

. Kovar may exhibit a phase change (gamma to alpﬁa transformation)

at low temperature, The temperature at which this occurs varies

from one production heat to the ﬁext. In éll cases, the trans-
formation is puaranteed to be below -78.5°C. The temperature of
minus 78.5° has been selected for convenience, éince this is the
temperature resulting frém an excess of dry ice in acegone.
‘Production testing does not involve determination of the actual

temperature of transformation of each heat. ' '




16 August 1971

PRESSURE TRANSDUCER FOR SPACE SHUTTLE BODSTER
PROGRESS REPORT, JULY 1971 {continued)

2.2 Expansion Coefficient - Kovar {continued)

Tests of a large number of preduction heais, however, indicate
that the actual temperature of transfofﬁation is éonsiderably
below minus 78.5°C., On a special test of fourteen production
heats, actual determination of Fransférmation was as follows:
1) Six heats showed no transform&tioﬁ at minus 269°C.
2) Five heats showed partial transformation at mihus 196°¢C,

3) Three heats showed partial transformation at minus 120°C,

The above indicates that for experimental purposes there is a
good probability of makiang serviceable seals from stock kovar
o operate at depressed temperabures without the costly and

time-consuming procedure of using specially selected heats.

For preoduction requirements, special lots of kovar can be
supplied by either selection or special production to insure
meeting customers' specifications of lower transformation

points than the standard guaranteed value (-78,5°C).

The necessity for obtaining special kovar lots will be eval-

uvated after problem 2.1 above is resolved,

[AFS S DR

5



16 August 1971

PRESSURE TRANSDUCER FOR SPACE SHUITLE BOOSTER
PROGRESS REPORT, JULY 1971 ({continued)

3,0 WORK PLANNED FOR MONTH OF AUGUST 1971

3,1 Compensation Resistors

FEvaluation of RN type metal film resistors.to LN temperature.

3.2 Silicon-Glass-Kovar Bonding

- Evaluation of surface-preparation effects of the pyrex glass.

3.3 Complete the preliminary housing design. :

3.4 Complete the cryogenic test station design. .

Vi NG, g
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APPENDIX A

L | ' , SILICON-GLASS -METAL SEAL

1.0 Part }: Glass-Metal Seal . . . ) . ';

1.1 Setup

+1500 V Electrode .

Metal Weight (sufficient to hold
parts in stable configuration)

Kovar Part

Pyrex Part . |

T.¢. © i

J— % ‘
i i

1500 V Return ¥ -

8,5, Heater Surface Block

Heater

- 1.2 Procedure

1.2.1 Parts Preparvation

1.2.1.,1 Glass Part

.
-

1. Use as cut - no further polishing required,

2. Cleaning - Degrease thoroughly with TCE or other organic

P

soiventy ~Rinse with acetone immediately-prior-to assembly.

PAGE WG, Aal,



1.2.1.2 Xovar Part

1,2.2

1.2.2.1 Assemble parts in vacuum system as shown

1.2.2.2 Comnect high voltage supply with ammeter

1.2.2.3
1.2.2.4

1.2.2.5

1.
2.

3.

Lap bonding surface flat.

Polish to mirror finish,

Quick dip in kovar bright dip.
Acetic Acid 750 cc
Nitric Acid 2350 ce
H Cl 15 cc

Time 3 to 5 seconds

{Be surc parts are clearned and

Ringe in D.I. water.

degreased before bright dip.)

Assembly

in 1.1;
{(Triplett -
range approximately 12 ma at beginning). Connzct T.C,
as | shown,

Evacuate to < 5'x 10-5.

Heat to 800°F as indicated oan T.C.

Turn on high voltage; bring up te 1500 Vdc. ,Honiﬁor and

record current vs. time. If areing occurs, turn down
voltage.
Current should decay away to < 0.1 ma over a period of

5 to 20 minutes,

\‘.,.
-




1
{
'

1.2.2.7 Turn off voltage aft

er:

1. Current drops below 0.1 ma, or

2. QCurrent appears to have stabilized [or a périod of 5 ar

10 minutes at some higher value, or

3. 45 minutes,

1.2.2.8 Cool - Break wvacuum, Remove and inspect.

2.0 Part 2: Glass-Silicon Seal

2.1 Setup
P
{r ";.r,......
‘ )._-—n_n— o .
T.C. ' I““ ’;:%f,,»’”'
(¢ S—
N |

—~——  Recess for Gold Leads

/——-——w—--—-c +1500 V _
ya S

Metal Electrode & Weight .

Silicon Cell

Class Part “\

. Kovar-Glasgs
Kovar Part /f

i
|
]
'
'
!

CAGE NGO, A=3
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2,2 Procedure

2.2.1 Part Preparation

A2.2;1.1 Kovar Glass Assembly -
Cleap glass bonding surface (see 1.2.1.1). This surface
may be cleaned by‘polishing with jewelers rouge impregnated
it paper if necessary., Do not use hard abrasive.

2.2.1.2 Silicon Bonding Surface
i. Sﬁrface should be flat - free of scratches, oxide or

metal platiﬁg.

2. Degrease (seé 1.2.1.1),

2.2.2 Assémbly

2,2.2.1 Assemble as shown in 2.1,

2.2,2.,2 Repeat basically the stéps shown in.1.2.2 excgpt.— this

\ bend is generally easier than the giass-kovar and should

be done at 700°F if pessible,

'y

R Y
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PRESSURE TRANSDUCER FOR SPACE SHUITLE BOOSTER
CONTRACT NO., NASB~27442 :

PROGRESS REPORT

August 1971

P

1.0 WORK ACCOMPLISHEED DURING REPORTING PERIOD ;
1,1 Selection of Resistors :
A number of resistors of types RNS0, TNGO and wire wound were tested

.for suitability for use as compensétion and trim resistors at cryo-

‘ -1
genic temperatures. The resistors were soldered to 28 gauge coprer
leads, The resistance was carefully measured at room temperature
with a Fluke Model 83004 Digital Multimefer. The resistors were
fumersed in LN2 and the readings were repeated, Three temperature
excursions were made to LN, temperature, The results were as
follows:

Nominal Slope ; ) e o oAt 14
Type Resistance  Room £o honrePgatabl%lty }ourip_aLfb%th3
Room Tempezrature LN, Tempevalbure
Value _ LN,
RNGO 30K +3 7% ,007% L003% i
RNG0 - 20K +.84% .005% - NIL 3
RNGO MOK +1,06% .01% ‘ NIL j
RNG0 1K -.33% .03% L03% f
RNOGO 100 ohms +1.,04% -, 0Zi 027
RNGO 51 ohms ~.55% B YA YA
RNGO 20 ohms +.2% 1% Ay A
50 2.9K -.29%2 . 02% 005%
RNS0 44K +.67% .01% - L.007%
RN50 50K +1,8% ' ,018% .018%
RN50 59K . +.93% .012% . 025% i
Wire wound 9 ohms -6,7% .55% . 2% i
. . !
Wire wound _ 84 ohms __ _ =, 32% ____ . . Q3% . N25% ]

AT TS S N
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(continued)

1.1 Selection of Resistors (continued)

- No apparent physical damage was done to any of the resistors by the

- IN. exposure. A report on similar resistors tested by immersion in

2
liguid helium (RADC-TR-65-294; levi, Mach; "“Low Temperature Resis-

AR A

P
Py b

rance of Selected Resistors"; August, 1965) indicates a high
incidencg of mechanical damage after exposure to liqpid kelium.
This was believed to result from superfluid helium entrapment
inside the resistor encapsulation féllowed by the development of- i
high internal. pressures when the temperature inc;easedf- Since our :
application and testing ﬁathods will not involve exposure of resis-
tors to superfluid hélium, this problem should not exist in‘this
program. We conclude, then,-that all of the types of resistors

tested will be sultable for application in this program, .

1,2 Silicon-Glass-Metal Seal

1.2,1 Sealing Parameters

The problem discussed in the last report relative to the
silicon-~glass-metal seal has been resolvéd. Polished pyrex
i glass is now available qnd successful seals have been wmade
ﬁith it,

' 1,2,2 Fabrication of Test Cells

With the resolution of the-sealing problem, it was pessible

to resume work on the fabrication of test cells, One test




[ BN,
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{continued)

1.2,2 Fabrication of Test Cells (continued)

" cell has been completed to date and will be lead bonded and
tested during the next reporting period. Additional test

cells are being fabricated,

1.3 SbOGApsi Mask . '. i
The phoitolithographic mask for the 8000 psi cell has been designed,
The artwork is complete and the working maslks are on order, Delivery
is expected by the end of September. A copy of the drawing of this':

mask (Dug, No. 1700343) is attached.

1.4 Cryogenic Test Station Desipgn ' ) .

It has béeu determined ag a result of the Degign Review Mesting
(paragraph 1,6 of this report) that the cryogenic testing would be
done in two ways,

1) The test piece will bz immersed in.liquid nitrogen %nd liguid
helium to provide calibration points at these temperatu%es.
Testing'of the 0-8000 psia uvnit will be limited to zero pres-
sure calibration only, because'of the probable solidification
of pressurizing media at that temperature,

2} The test piece will be placed on a manifold and will be sub-
jected to a femﬁeréture shock by haviﬂé liquid nitrogen and

iiquid helium passed through the manifold, Thus the trans-

e e e e Y SR

ducer body remains exposed to ambient temperature while
o Lt

:‘3 e
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(continued)

1.4 Cryogenic Test Station Design -(continued)

cryogenic liquids are introduced to the pressure port. It
is believed that this test will more accurately simulate
actual field conditions than will the immersicn test

deseribed above.

1.5 Diaphrapm Diffusion

Wafers are prepared for diffusion and are awaiting the photelitho-

graphic mask described in paragraph 1.3 of this report.

1,6 Preliminary Desipgn Review

A preliminary design review was held at Conraec on 16 August 1971
attended by M¥r., H., §, Harman, S5 & E-ASTR-IM. A copy of the agenda

of that mecting is attached,

2,0 FROBLEM AREAS | _ L

- No new technical problems occurred during this reperting period,

3.0 WORK PLANNED FOR NEXT REPORTING PERIOD

3.1 Test cells at room temperature and at LN, temperature.
3.2 Begin fabrication of sensors, |
3.2.1 Diffuse diaphragms for the 8000 psia sensor,
3.2.2 Fabricate test cells at 8000 psia range and 50 psia range,

3.2,3 TFabricate hardware for sensor.
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(continuéd)

4,0 SCHEDULE

The schedule has been. revised as shown to reflect the effect of slippage'

in Item 1.7.

s B B o ma - - S
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3.0 PHASE JI - DESIGN VERIFICATION

. The second phase of the program, design verification, is IEported-in
Progress Reports 5, 6, 7, 8, 9 and 10, New téchniques were developed for the
process whereby microcircuit leads are ball bonded to the diffused resistor
bridge on the silicon wafer. Preliminary units were lost due to thermalhshock
until better procédures were developed. Prcliminar} fests on interim designs
from -55°C to +80°C indicated that performance was not degraded by the kovar-
pyrex-silicon seal construction, compared to the standard Conrac design
performance,

A Phase II test plan was developed for wide range testing of 5000 psi
cells, and O - 15 psi prototype units were tested at low pressure rénge to cali-
.braté a unit for senéitivity, zero balance, linearity, hysteresis, repeatability
and.static error band (see Progress Report 7). The low pressure unit was then
immersed in LN2 at ambient pressure to determine temperature compensation
requirements and wide temperature range transient response {s¢e Pregress Reports
7 and 8)., Three low pressure sensors (0-30 in Hg) were tested between -196°C
and +90°C with encouraging results (see Progress Report 10), such that at the
formal design review held at Marshall Space Flight Center, 24 February 1972, it
vas decided to conutinue on to Phase III. FProblems still existed in making
rzliable glass-metal bonds between the kovar and pyrex, but it was agreed thac
the test results and media compatibility advantages justified proceeding with
this zpproach. It was alsoc agreed that fabrication of final parts in Phase IIX
should not begin until an investigation into glass materials {with a closac

mafch of ceefficient or expansioun to kovar) was completed,
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BQOSTER
CONTRACT MO, MASS-27442

PROGRESS REPORT

September 1971

1.0 WORK ACCOMPLISEED DURING REPORIVING PERIOD

1.1

1.2

1.3

1.4

Fabrication of Test Cells

The first test cell was destroyed during lead bonding. The

problem was excessive thermal shock when the cell was placed on the
hot (400° C) Ieéd bending machine, This,pfoblem, Which is described
in detail in paragrash 2,0 of this rcport, has now been resclved

and work ié proceeding. A new test cell'has been fabricéted and

has passed through the lead boﬁding stage into final assembly and
will proceed into test, This cell will have a 0 - 15 psia range:
and is intended for interim testing only and will not be end item

hardware.

8000 psi Mask

The 8000 psi mask waé received.

Diaphragm Diffusion

Diaphragm diffusion for 0~50 psia sensore is complete.

Diaphragm diffusion for 0-8000 psia sensors is 390% complete,

Sensor Test Plan

Sensor test plan is in preparation.
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2.0 PROELEM AREAS - LEAD BONDING . L
| .Thé first test cell was broken in lead bonding. The boéding of leads is
acéOmplished by heating the workpiece to 400°C and applying a standard
microcircuit type ball or nail-head bond. The.thermal shéck resul?ing
from plucing the cold workpiece on the 400°C heating columm resuited in
fracture at the kovar-pyrex bond. The solution is simply to either place
the workpiece on a celd heating column ané heat slowly, or to preheat the
workpicce and transfer to the heating ecolumn. It is nof felt that tha
fracture of this cell on the lead bonder indicates a potential design
flaw because the 400°b'tempepature is well ahove the specified tempera-

ture range (200°C maximuin). Test specimens of the complete kovar-pyrex-
silicon boud have been tembérature shocked‘ffém a 200°C hotplate to LN2

temperature and back several times without failure,

3.0 WORK PLANNED FOR NEXT REPORTING PERIOD

3.1 Complete fabricatiqn and test{nglof cells at room. tewperature and
LN2 temﬁerature.

3.2 Continue fabrication of sensors.

3.3 Cowplete sensor test plan—- copy to be éttachgd to next ﬁrogress

report.
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PRESSURE TRANSDUCER FOR SPACE SHUITLE BOOSTER
" CONTRACT NO, NARS-27442

PROGRESS RETORT

October 1971

1.0 WORK ACCOMPLISHED DURINC REPORTING TERIOD

1.1 TFabrication of Test Cells

One test cell, C/N 268-14, has been fabricated te date as reported
last time, Subseguent test cells (5 pieces) have failed in welding
the shell to the sensor base. This problem will be described in

more detail in section 2.0,

1.2 Test Results
Cell number 268-14 has been subjected to preliminary testing from

~55°C to +80°C with the following results:

1.2.1 RBesistance Measurement
The resistance of each ef the 12 strain gages diffused into
the diaphragm of C/N 268-14 was measured at room temperature
and at -55°C and +80°C. There are 225 bridges thaf can be
made from these 12 strain gages., The zéro pressure output
of each of these bfidges was conmputed from the resistance

data at the three températures.

The average of all the bridges' performance as well as the
performance of the bridze selected as the best one to wire

up is tabulated as follows:
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(continued)

1.2.1 Resistance Measurement (continued)

1.2.2

Linearity
Zero of Zero
Balance - Zero Slope - SBlope

Average for

- ', - o-.| + ¢ _—
a}l bridges 22.1/{: F-S, 3.6/0 F.S' -—¢13/o }.cn)r

Best bridge -4, 3% F.S, ~1.2% F.8, CEL,04% TS,

The data show that over the ~55°C to +80°C range, with ideal
linear temperature compensation, the average‘bridge could be
compensated to *,13% ¥.S. and the best bridge could be com-
pensated to £,04% ¥,5., This data is c0mparabie te that
obtained oﬁ standard Model 4715 sensor ceils and is a pre-
liminary indication that the perfermance has unct been

degraded by the kovar-pyrex~silicon seal construction,

Biridee Performance Data

The best bridge on C/K 266-14, se;ectgd as deseribed above
{secticon 1.2,1), was hard wirea and tested over the same

teﬁperature rangé to verify the results obtained from the
resistor mzasurement, It is also possible with the bridge

hard wired to measure repeatability after thermal cycling.

OQutput measurements at zero pressure are tabulated as

follows:
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{continued)

1:2.2 Bridpe Performance Data

Output Input Voltage
.Temp. {(mv) att 5 ma Constant Current
=55°C -2.964 .-1 T T 4,9322
j; . .25°C -3,688 C 5.4472
j | | +80%¢ -4.341 ©5.9636
5 25°C | -3.672 | 5,441 f

in this data, the columm listed as "Temp.' is for reference
only. The input voltage reading is taken as being the best

indication of actual sensor temperature,

From tﬁis.data, the zero pressure slope is secn to be 1,4%
of full scale (full scale oufput is nominally 100 mv).
Linearity of zero pressure slope is *,02% so that ideal
linear compénsation would result in a thermal zero error

of 40.02% of full scale. The room return after hot (+80°C)
ezposure is within ,005% F.S5. of the reoom return after cold,
These results verify the conqlusion tha; sensor performance

has not been degraded by the kovar-pyrex~silicon seal,

Testing will continue over larger temperature ranges and

over pressure during the next reporting pericd including

+ exposure Lo LN, rtemperature, ' . :
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{continuad)

1.3 Diaﬁhragm Diffusion

Diaphragm diffusion is complete for at least 8 pieces each of the

0-50 psia and 0-8000 psia range.

1.4 Cell Fabrication

Fabrication of the cells required for Phase II is approximately

50% complete,

! 1.5 Hardware Fabrication

Fabrication of hardwave roquired for Phase IT is approximately 30%
complete,

L 1.6 Tast Plan

Test plan for Thase I1 testing attached, .

1.7 8000 msi Transducer Design

: A 10X scale layout of the 8000 psi transducer is attached.

2,0 PRO®LEM AREAS - LOSS OF SENSORS IN SHELL WELD

A lot of 5 pieces of test sensors submitted for welding to the housing
were found after welding to have fractures in the pyrex standoff. The
pyrex~metal bound and the pyrex-silicon bond were both intact indicating

that these bonds are strong and reliable,

The problem was caused by excessive thermal shock in the heliarc welding

process.
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(continued)

2.0 PROBLEM AREAS - LOSS OF SENSORS TN SHELL WELD
The solutions being implementéd are:
,(1) Redesign the seésor headér to isolate the weld area frow the
pyrex-metal bdﬁd'area.
(2) Provide a:wéid.groove in the housing te permit the weld to be

done at lower current input, ‘

3.0 VORX PLARNNED FOR WEXT REPORTING PRRICD

3,1 Cell Testing - ' , @

Test cells over temperatures from LN, temperature to +200°C,.
3.2 Continue fabrication of Phase I sensor cells,

3.3 Bepin Phase IY sensor tests,
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TP 4715-110-1

15 November 14971

PURPOSE AND OBJECTIVES

The following tests are planned for the purpose of evaluatiang the perform-

-

" ance of transducers at normal and cryogenic temperaiures (+4°K to 473°K).

The tests will also provide data necessary for evaluating compensation
techniques for these transducers,

SCOPE AND TIST DESCRIFPTION .-

The tests are to be performed at room temperature unless, otherwise speci-
fied,

2.1 Resistance Measurcment

The resistance of each strain page of the silicen cell will be
measured at ~55°C, room temperature and +80°C. This data will be
used to select optimum strain gage bridge configurations,

2.2 Pressure Calibration

A five-point ascending and descending calibration shall be performed

to determine zero balance, sensitivity, linearity and hysteresis.

2,3 Hormal Temperature Operation

Enq and midpoint calibrations shall be performed at each of the
following "normal" temperatures in the followihg.order:

| Room

~55°C

Room

f80°d

Room
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Low Temperature Testing

2.4,1 Low Tewmperatvre Chamber

End and midpoint calibrations shall be performed at the
lowest temperature available in the tempersture chamber
(approximately -100°C).

2,4.2 1N, Temperature

End and midpoint calibraticns shall be revformed with
the transducer immersed in IN,. Tests on the 8000 peia
transducer will he limited to zero pressure reading.

2.4.3 Liguid Helium Temperature

End and midpoint calibrations shall be performad with

5 :
the transducer immersed in liquid helium, Tests on the
8000 psia transducer will be limited to zexo pressure

reading.

Temperature Shocl

The transducer shall be connected te a pressure manifeld at
room temperature, A thermal stock shall be applied by suddenly
introdecing ligquid nitrogen or liquid helium to the transducer
pressure portlvia the pressure manifold., The pressure shall be
maintained constant during this test, Output values shall hbe
recorded at time intevvals Lo be determined such as to define

the response of the transducer bo the temparature transient.

W
1

1

‘ér.



4,0 TEST EQUIPMENT

¢

Pressure Calibration

50 psia
Ruska
Model 3508

8000 psia
TED

Voltage Readout
¥luke Digital Voltmeter
Model 83004

Power Supply
Hewlett~Packard
Model 6181F-

Temperature Chamber
Dalta
MK 6300

CONYALC
[CORPORATION]

Test equipment shall include the following or equivalent equipment:
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER
CONTRACT NO, NASE-27442

PROGRESS REPORT
November 1971

1.0 TRORK ACCOMPLISHEW DURING REPORTING PERIOD

1.1

Test Results

Testing has continued on cell C/N 268-14,

pressure tests

are tabulated below:

Results of preliminary

TEMP, ROOM 125°C| ROGM -6°C | -53°C | -75°C 29°C § 153°C Roou'

Vi, 5.4703v | 6.324] 5.4346] 5.2091] 4.8617| 4.7070] 5.4499% 6.5252] 5.440

; Zero @ | -4.308mv | -5.573]+4.218 | -3.924.|-3.506 |-3.330 | ~4.343 —5.;;5'i-4.25:
7.05" Hg | 14.460 X X X X X X 1%
14,55 34,451 133.880134.745 134.975 135.419 |35.670 |34.606 |33.968 h4
22,05 {54.346 X 54,622 ><. X X X A X
28,55 71.546 | 71.38971.795 |71.980 |72.490 72,775 |71.655 705 K
22,05 54.375 X |s4.036 X __E( X X X X
14.55 36,490 |33.944134.760 |34.983 |35.426 |35.675 |34.622 134.016 X
7.05 14,505 X jaos | X | X N Y X ¥,
o 4301 | 5.346]-4.206 | 3.925 | 3.511 |-3.52 | -4.340 |-5.554 X
Sensirivity 75.854 | 76.772|76.01% |75.904 |75.996 |76.105 | 75.998 | X Y

(:) Both ports open to atmospheric pressure in 29,55" Hg.

(g) Estimated - pressure hose collapsdéd from temperature.

From this data, the following parameters_may be calculated;

1.1.1 Sensitivity: 76 mv/28.55" Hg.

1.1.2 Zero balance (untrimmed): -4.,3 wv, o
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1.1.3 Linearity: .133% F.S5., terminal point as shown in the

following tabulation:

PRESSURE OUTPUT IDEAL éﬁﬁ - % F.S.
0 ~4,308 wmv -4,308 mv 0 0
7.05" Hg 14,460 - 14,423 .037 .05

14,55 34.451 34,350 101 .133

22,05 54,346 54,276 .070 .09

28.55 . 71.546 71.546 0 0

1.1,4 Hysteresis

] \ ) ) _— AVERAGE
PRESSURE WORST CASE HYSTERESLS HY STERESIS
0 . -.037 mv (.05% F.S.) | -.010 (.013%)
7.05 -.045 (.06% F.S.) -, 025 (.033%)
14.55 -.064  (.09% ¥.S.) -.025 (.033%)
22.05 -.043  (.06% F.8.) | -.022 (,03%)

NOTE: DBoth worst case hysteresis and average of all
hysteresis valués at a.given pressure are
‘reported. -It is felt that the average value
is of greater significance for the following
reasons:

1) The sensor is uncompensated, making it

susceptible to small temperature changes.
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER PROGRESS REPORT - November 1971

1.1.4 Hysteresis (continued)
| "2} The sensor refefence port was open to ambient
pressure while the calib;ation standard was an
absolute pressuré controller. The test results
are thus squect to fluctuations in room ambient

pressure,

1.1.5 Repeatability/Stability: .09 mv wofst case (0.12% F.S.)
| Repeatability, aé such (greatest deviation of 3 successive.'
calibrations), vas not measured, Comparison of the zero
pressure output for the three room temperature rea&ings
gives a measure of stability. The measuréments at other
pressures cannot be compared because the reference pres-
sure (room ambient) varied from one set of readings to the

next,

1,1.6 Static Error Band (sum of above errors): ,317% F.S, worst
case based on terminal point straight line. #0.085% F.S,

r.s.s based on best straight line,

1.1,7 Thermal Errors
1.1.7.1 Zero Pressure-Errors:--Figure 1 shows a plob of
zero pressure oputput vs temperature. There are
two factors involved in-zero pressure thermal.
error: {1) the slope, which is 2.240 mv (3% of

full scale or .C13% F.5./°C over the 228°C range),

o, w3
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. 1.1.7.1 Zero Pressure Errors {continued)

aﬁd (2) the nonlinearity or "hook" of the thermal
behavior which amounts to 0.15 mv or.0.2% F.S.
Aihe slope may be completely eliminatéd (theoreti-
cally).by linear temperature compensation tech-
niques. ‘It is'théoretically possible to reduce.
the thermal zero error over thi5'228fc span to

0,27 of full scale.

1.1.7.2 Sensitivity'Errbrs

Figure 2 showé-a plot of sensitivity vs tempéra~
_fure over a 200°C span from -75°C to +125°¢C,
While this data is subject to error due to the
reference port being open to room ambient, it
.does show that the uvncompensated error was 1.23%,

compensatable to .55% ¥.5. by conventional linear

passive techniques.

.

1.2 Liguid Nitrogen Tests

At the conclusion of the above tests, C/N 268-14 was found to

have an internal pressure le?k. It was disassembled and examined.
The leak was found to be atrthe glass-silicon interface. 7The
sensor was reassemblied and the following tests performed at LNZ
temﬁeratures. ?hc diéassembly and reassembly procedures resulted

in a 'zero shift of -0.5 av so that the results of testing before
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1,2 Liquid Nitrozen Tests (continued)

and after reassembly are not directly comparable without correction

for this zero shift,

The tests were conducted by recording input and output voltages
(at 5 ma input current) at the specified remperature. LN, tem-
perature was achieved by immersing the sensor in LN, at ambient

pressure,

The results are tabulated below:

TEMP, -54°C LN2 ROOM LH, ROOM LN, ROOM i
Vin 4.8799 v | 6.0348 { 5.4267 | 4.0346 1 5.4156| 4.0343 5.4493
Vour -3.918 wv | -3.040 | -4.866 | ~3,070 |[-4.850 | -3.0060 | -4.88%6

Correcfed
Vout ~3.918 ~-3,040 | ~4.866 | -3.070 | -4.864 | -3.060 | -4.857

o

Since room temperature was not controlled, a correction was cal-

‘culated using the input voltage as a measure of actual tempera-

ture. The stability of the scnsor was within .009 mv szt room

femperature and within ,030 mv at LN, temperature. A plot of
the zero pressure output vs eemperature is shown in Figure 3.
The sensor showed a change in output of 1.790 mv‘(Z.ﬁZ F.8.)
compensatable to ,45% of full scale, A composite plot over

the entire ~196°C to +153°C temperature spantis shown in

Figure &4, corrected for the change in output resulting from-
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1.2 Liquid Nitrogen Tests {(continued)

1.3

reassembling the sensor between thes
shows a slope of 3.5 mv (4.7% F.S.)

compensatable to approximately 0,6%

Preliminary Compensation Studies

The standard method of compensating

shunt one leg of the bridge with an

27 December 1971

PROGRESS REFORT - November 1971

two sets of tests. This
over a 350°C temperature

of full scale.

the zero pressure output

OTC resistor. Since the

plot

span

is to

com~

puter program for resistor selection has not yet been modified to

call out compensation resistors to LN, temperature, resistance

values were estimated based on hand calculation and installed and

tested as tabulated below, 1lland calculation of compensation

resistors tends to be an iterative or Ycut and try" approach and

the first two "“tries'" are tabulated here,

COMP RESISTOR 170K { 250K
Temp, °C - Room -55°C LN, Roem LN,
Vi, v 5.340 | 4.915 | 4,030 | 5.3906  4.0314
Vours ™ +3.492 | +2.885 | +1.608 | 1.100 - 212

Thegze results are plotted in Figure 5. It is interesting to note

-that the -55°C reading lies within .130 mv of the straight line

connecting the room and LN2 temperatures.. While these results

are preliminary in nature, it is worth noting the 170K tempera-

ture run lies within a *1.,2% error band and the 250K run lies
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1,3

2.0

3.0

Preliminary Compensation Studies {continued)

within a 0.6%. error band., Extrapolation of these results indicates

ideal compensation with a 365K shunt resistor.

1.4 Temperature Transient Response

The sensox, dropped into LN2 from room temperature, came to'eQui-
librivm in approximately'Z minutes, The maximum excursion observed
at 0.pressure was aﬁproximately 1%. Equilibriumrtima on removal
from LN, to room tgmperature was approximately 20 ﬁinutes, again

with a 1% output excursion.

. 1,5 Cell Fabrication

Cell fabrication for Phase II reguirements is complete,

1.6 Hardware Fabrication

Rardware fabrication for Phase JI is approximately 75% complete.

PROBLEM AREAS L

Sensor fabrication for Phase II has been delayed by the difficulty of
obtaining sufficiently flat surfaces on the kovar parts. Twelve picces

are on order from Pacific Precision, Inec., Palo Alto, California, and

are due on 12/21/71.

WORK PLANNED FOR NEXT REPORTING PERICD

3.1 Cell Testing - continue testing and compensation analysis from

~
-

iNz temperature to +200°C.

' 3,2 Continue fabrication of Phase 1I sensors,

CONRAC

(CORPORATION)
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER
CONTRACT NO., NAS8-27442 :

PROGRESS REPORT
Deéemher 1971

1.0 WORK ACCOMPLISHED DURING REPORTING PERIOD

1.1

Test Results

25 January 1972

Cell C/N 268-14 has been subjected to temperature compensation tests

from liquid nitrogen temperature to +85°C. Based on results of work -

required compensation resistor was 363.88 K ohms OTC. This resister

_reported in the last progress report, it was determined that the

was installed and the transducer tested at zero pressure as indicatedi

in the following table, The results are plotted in Figure L. ;

Przzzzre Zero Shift
Temp, Oukput . Percent
. (mE) of Full Scale

Room © =,780

LN, -.77¢9 ~.001%
Room -.766 ~.02%
-10°C ~.740 -.05% .
-70°C -,698 -, 1%
+45°C -.738 -.05%
+85°C -.593 - 247
Room -.695 - 1%

Transient behavior yﬁs observed when the instrument was suddenly

immersed in liquid nitrogen from room temperature and again vhen A

pacE no, ]
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1,1 Test Results (continued}

1.2

2,0 PROBLEM AREAS

the instrument. was suddenly removed from liquid nitrogen to room

temperature. " In either case, the transient excursion was less

. than 1% {negative on immersion into LNy, positive when removed) ,

The instrument returned to equilibrium conditions in less than

5 minutes,

Phase II Sensor Fabrication

Phase II sensor fabrication has been délayed due to problems dis=~

cussed in previous progress reports. Completion of three sensors
. . . - . o

is scheduled for 26 January 1972, These sensors have been fabri-

"cated with a nominal full scale range of 0 to 30 in, Hg, for

accuracy of testing; (A Texas Instruments Pressure Controller is

available for testing in this range to an accuracy of 0.015% F.S5.
In order to prevent program delays, it is anficipated that all

temperature testing and compensation studies planned for Phase IT

be completed uéing-thESE'three instruments. -

Problem areas which have been discussed in previous progress reports

appear at this time to have been resolved. In order to prevent delays

in Phase III of the program, it will be necessary to make a decision

by 15 February 1972 whether to use the media isolated design or the

‘standard Model 4715 type sensor cell., In view of the excellent test

results obtained on isolated cell C/N 268-14, it is deemed highly

desirable to push the fabrication and testing of this_type of cell,_

_EswjaﬂhéryVIQTZ o

t

———— et
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3.0 WORK PLANNED FOR NEXT REPORTING PERIOD

3.1 Complete fabrication of three 0-30 in., Hg, sensors for use in

Phase II testing ag indicated in paragraph 1.2.

3.2 Begin Phase II temperature testing in accordance with TP 4715-110-1,

4.0 SCHEDULE
Delays resulting from problems previously described have resulted in

modification of the program schedule as shown.
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PRESSURE TRANSDUCER FOR
- . SPACE SHUTTLE BOOSTER
Contract No. NAS8-27442

Progress Report
January 1972

1.0 Work Accomplished During Reporting Period

1.1 Sensor Fabrication

Fabrication of three transducers for use in Phase II testing was
completed, B ' :

"1.2 Phase II Testing

Phase II testing was begun 'in accordance with TP 4715-110-1.

o

2 2.0 Problem Areas

No new problem areas were encountered during January.

3.0 Work Planned for Next Réporting Period

3.1 Complete Phase II Testing and Compensation Studies.

3.2 A design review is scheduled for Thursday, 24 February 1972 at
Marshall Space Flight Center. ,

3.3 Begin fabrication of Phase III hardware.
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" PRESSURE TRANSLUCER FOR
SPACE SHUTTLE BOOSTER

Contract No. NASB-27442

Progress Report
February 1972

I;OA Work Accomplished Burirng Reporting Period

1.1 Phase 11 Testiﬁg

Phase 1L testing was accomplished as follows:

1.1.1 Sensor 301-17

1.1.2

Sensor 301-17 was tested over the temperature range -196°C

(LNy temperature) to +90°C with the following results:

(1) Sensitivit§ 69,4 mv
© (5 ma input, : )
1 to 30" Hg)
" (2) Zero Balance -18.3 mv
(3) Linearity ,02%‘(Terminal Point)
(4) -Hysteresis .02%
(5) Stability | 0.3%

‘The output at zero and full scale is plotted in Figure 1.
. The data.indicates that with optimum linear compensation

the zero output ¢an be held within #0.3% F.S, and the full
scale output within #0.7% F.S. Calibration data may be
found in Table I,

Sensor 301-10

+

Sensor 301-10 was tested over the range ffom -70°C to +80°C
with the following results:

{1) Sensitivity 56.2 mv
{5 ma input) -
{2) Zero Balance 4.3 v
(3) Linearity ' .05% F.S5. (Terminal Point)

W
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+ 1,1,2 Sensor 301-10 (cqntiﬁued)

(4) Hysteresis . .05% F.S,
(5) Stability £0.45% F.S.
(6) Repeatability +,05% F.S.

Calibration data may be found in Tzble II, The zero and
full scale ocutput are shown in Figure 2, Sensor 301-10
developed a leak during the last pressure cycle,

1.1.3 Sensor 194-2

Sensor 194-2 was tested over the range -196°C (LN, tem-

perature) to +95°C with the following results:

(1) Semsitivity  116.7 mv
(10 ma input)
{2) ‘Zero Balance 39.25 mv
(3) Linearity- ¢.13% F.S, (Terminal Point)
(4)- Hysteresis ;01% F.S.
) 'Stability‘- £.05% F.S, -

Calibration data may be found in Table ITII, The data
plotted in Figure 3 indicates that both zero and sensi-
tivity may be compensated within *1% error bands over
the entire 291°C temperature span.

1.2, Design Review YMeeting

A design review was held on Thursday, 24 February 1972 at
Marshall Space Flight Center, The Phase II test data was
presented and discussed., Also discussed were the problems

in achieving reliable glass-metal bonds between the kovar

and the pyrex parts, It was agreed that, while there is

some risk of overrun iavolved in proceeding with the silicon-
glass-metal approach; the test results and media compatibility
advantages justify proceeding with this approach.

16 March 1972
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER PROGRESS REPORT, February 1972

.

2,0 Problems Encountered

3.0

While no new problems were encountered during February, new information
was brought to light relative to the recurring problem of making reliable

‘glass-metal bonds. Pyrex was selected and is presently being used for

the glass parts on the basis of the close match in expansion coefficient

‘with both silicon and kovar. Recent information indicates that glasses

are available which provide a much closer match to kovar, Figure 4 shows
a comparison in the expansion of kovar; pyrex and two of the "kovar seal-
ing" glasses, Corning code 7056 and 7052, - It has been found that tempera-
tures up to 500°C and above are required to make an acceptable seal., A
seal made with kovar at this temperature would have a residual strain of
approximately 1400 pin./in. when cooled to room temperature. The "kovar
sealing" glasses would have virtually no built-in strain. The Ystrain

‘points" indicated in Figure 4 are defined as the temperature at which

strain in the glass will be relieved in 14 hours. Since code 7052 glass
is more readily available than 7056, this glass has been placed on order
and is due in by 1 April 1972, Tests will be performed to evaluate this
glass before the final assembly of hardware for this program.

In order to study the residual strains, a polariscope has been assembled.
It has been found that nearly all the strain occurs at the pyrex-kovar
interface and virtually none at the pyrex-silicon interface.

Work Planned for Next Reporting Period
3.1 Begin fabrication of Phase III parts.

3.2 Procure samples of Corning code 7052 glass for evaluation.

PAGE NGy, |



N

C

O

AIC

i

16 March 1972

CORPORATION

Space Shuttle Bogster

PROGRAM
TEST DATA
MODEL NO, s/N _301-17
TECH. GLV DATE
PROCEDURE & PARA. NO.
Date 2-10-72 2-11-72 > | 2-11-72
Initial :
Temperature Room Room -35°C Room +90°C Room
Vin 5.6061 5.6014 5.1396 5.6136 66,1325 5.6057
Zero Pressure |--18,137 |-18.149 ~18.852 -18,250 ~-17.787 -15.136
3o * -19.396 -18,915 19,807 19,234 «18,752 -19.287
29m 17,008 |\ / N -16.337 |\ /
22.5" ~1.460 \/ \/ \/ -.602 \/
15" 16,400 | N 1 /N | /N | 17,555 AR
L 7.5" 34,648 |/ N N4 35.694 |/ L
i 50.031 50,518 48,949 50,205 51.456 50.141
R ET 4,48 I\ I\ S 35.720
150 16.505 N/ N\ 17,571
225 B IAN AN - 579
291 -16.995 //’ \\//; \\\
30" -19.389 -18.911 ~19.609 -19.230, -18,738 -19.274
. 279,044 (281.008 280.195 280.126 280.255 279.495
13,131 15.143 18.857 18,244 -17.774 -18,128
69,427 69,433 58.756 69.439 70,208 69,428
REMARKS
Ianput Current 5 ma
*Pressure applied to low port
Ambient applied to high port
TADBLE T

NOTE:

OQutput reading

in millivolts

CALIBRATION DATA, C/N 301-17

CC- P-4 Rev.
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CIOINRIAIC

CORPORATION

procRam . Space Shuttle Boosfer

TEST DATA
: MODEL NO. : s/n _301-17
TECH, GLV DATE
PROCEDURE & PARA. NO.,
Current .
Supply Current
has been -7 Supply
adjusted " | adjusted
2-15-72 _ 2-16-72
Temperature Room LN, 7 LNy Room Corrected
Voo 5.6188 4,1700 5,6242 5.6045
Zero Pressure | ~18.181 -20.364 -18.435
30 ® ~19.280 -21,430 -21.482 | ~19.608
29" -19.075 -19,133
225" -3.900
15" 13.7 13.85
7.5"
o 50.284 e, 4 46.6 50,083
s —_
15" 13.860 13,90 \
22,5"
29" C -19.,125
30" -19,261 -21.480 -21.444 19,606
20.359 18,437
69,564 65.733 69.671
REMARKS

~ Input Current 5 ma

*Pressure applied to low port
Ambient applied to high port
' TABLE I (continued)

NOTE: Output feading
in millivolts

CC-iP-4 Rov.
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16 March 1972

CIOINRIAIC

CORPORATION]

PROGRAM Space Shuttle Booster
TEST DATA
MODEL NO. s/n__301-10
TECH. GLY DATE N
PROCEDURE & PARA. NO.
Temperature Room Room Room
Vin 5.0355 5.0354
* Zero Pressure} 4,003 4,065 4,064
30" % 3.300 3,295 3,270
294 |l 5.238 5.226 5.192
22.5" 17.820 17.785 17.787
5" 32.354 32.319 32.335
7.5" 46,898 46,860 46,861
I 59.502 59.479 59,408
. 7.5" 46,894 4G.878 46,880
15" 32.363 | 32.344 32,342
22.5" 17.826 17.794 17.807
29 5.239 5.223 5.216
30" 3,294 3.284 3.265
280,210 260,165

REMARKS

Input Current 5 ma

*pressure applied to 'low port ' -
Ambient applied to high port

TAPLE 11

NOTE: Output reading  oapipRATTON DATA, C/N 301-10
in milliveolts

CC-1P-4 Rov.




CION

RIAC

16 March 1972

CORPORATION

Space Shuttle Booster .

PROGRAM
TEST DATA
MODEL NO. s/n__301-10
TECH. GLV . DATE
PROCEDURE & PARA. NO.
2-7-72 2-8-72 >| 2-8-72
Temperature -45°C Room +80°C Room -45°C
Vin 44,5760 4,5737 5.0436 5.4754 5.0510 4,5619
"Zero Pressure 2,724 2.708 4,573 6,082 4,423 2.830
301 * 1,932 1.916 3.836 5.304 3.533 1.912
2ov 3.8062 5.770 7.234 5.462 3.548
22.5" 16,388 18,348 19.909 18.048 16,376
15" 30.878 32.884 34,562 32,594 30.839
. 7.5" 45,378 47 .411 J49.190 47,129 45,328
i 57.949 59,985 61.890 59,669 57.775
. 7.5% 45,376 47.416 49,200 47.136 45,327
157 30.874 32,889 34,561 32,600 30.843
22,5" 15,386 18.3534 19,921 18.060 16,356
29" 3.845 5.761 7.234 5.449 3.826
30m 1.914 3.824 5,285 3.535 1.900
280,085 4,559 6.080 4,426 2,817
280,362 280,135 279,605 279,474

REMARKS

Input Current 5 ma

#*Pressure applied to low port
Ambient applied to high port -

NOTE:

Qutput reading

in millivolts

TABLE IT (continued)

CC- P-4 Rov.
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CORPORATION

Space Shuttle Booster .

PROGRAM
TEST DATA
MODEL NO. 5/N 301-10
YECH. _ GIJI DATE
PROCEDURE & PARA. NO.
2-9-72 2-9-72
Temperature Room +80°C Room -45°C -70°C
Vin 5.0393 5.4721 5.0664 4,5521 4.3896
Zero Pressure 4.658 6.134 4.576 2.880 2.443
30" % 3,705 5.107 3.415 1.727 1.320
22.5" ‘ 18.208 ———-
15 32,755 ——
7.5" 47 .289 e _ )
i 59.832 61.721 59,518 57 .488 56.970
. 7.5" 47 .297
157 32,762
22,5 18.214
29 5.639
3o 3.679 5.109 3.411 1.717 1.300
279,344 279.055 278.445 278,408 278.475
REMARKS

Input Current 5 ma

*Pressure applied to low pb:t
Ambient applied to high port

: TABLE II (continued)
Qutput reading
in millivolts

NOTE:

CCAP.4 Rov.
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16 March 1972

CORPORATION]

Space Shuttle Booster

NOTE: Output readings

in millivolts

CALIBRATION DATA, C/N 194-2

PROGRAM
TEST DATA
, MODEL NO. s/n__194-2
TECH. GLY DATE
PROCEDURE & PARA, NO,
<—— 2-17-72 ——3| 2-18-72 2-18-72
| Initial :
Temperature Room -50°C Room +95°C Room LN,
Vin 8.1346 7.3908 8,1228 8.7275 8.1386 6.2569
Zero Pressure | 39,222 36.30 39,203 | 37.827 39,296 37.200
307 * 37,046 34,16 37.362 | 35.999 37.283 35.20
29" 41.074 | 38,15 | =T | 40,000 |\ 39.22
22,5" 67.131 | 64.14 67,420 | 65.965 N | s5.45
15" 97.288 | 94.22 97.571 | 95.986 N\ | 95.920
7.5 127.54 124,42 127.51 125,08 |/ \] 126.67
1" 153.81  |150.70 154,06 152.17 154,03 153.75
7.5 127.53 124,42 127.81 126,06 ™\ /| 127.14
15" 97.279 94.20 97.576 | 95.962 N/ 96.36
225" 67.126 64,10 67.430 | 65,938 N\ | 65.88
29" ' e /S N =>—=1
30" 37.055 34.10 37,364 35.970 37.284 | 35.62
278.938 279.625 | 279,680 | 279.265
39,223 | 37.798 39.300 37.638
‘Sensitivity | 116.74 116.54 116.70 | 116.17 118,65
REMARKS
Input Current 10 ma
_;;*Pressure,;ﬁilied to low port
Ambient applied to high port
| TABLE 111

CC-IP-d Rev.

11



16 March 1972

CIONRIAC

CQRPORAHON
TEST DATA

peoGRAM . Space Shuttle Booster

MODEL NO, . S$/N “IQA-Z

TECH. e GLY _ DATE

PROCEDURE & PARA. NO.

Temperature LNy
Vin 6.2560
Zero Pressure| 37.612 '
o= 35.62
29" 39.62
225" 65.86
15" 96.80
7.5" 127,11
m 153,97
7.5" 127.11
15" 96.80
22.5" 65.87
|
30" | 35060 |
279.300 )
37.62
REMARKS

Input Current 10 ma

*Pressure applied to low port
Ambient applied to high port

TABLE III ({continued)

NOTE: Output readings
in millivolts

CC P4 Rav.
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AL/L TN PARTS PER MILLION

16 March 1972
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PRESSURE TRANSDUCER FOR SPACE SHUTTLE DOOSTER

»,
PROCRAM PLAN CONTRACT NASB-27442
nay]  June July | August Sept. oct. | Wov. | Tmee. [ dan. [ s March | april | May
. 2915 12 19 26 3}10417_ 214} 7 34 21Zg4 1118 25 p 9 .11_182..’{ 613 zngvft._u 18 25| & 1B 22 29/ 312 18 2614 1 13 25|83 15 22 29[613 20
“TASK DESCRIPTION 1,23 456789 1011121314151617181020 21 22 33 24250 27:26 20 0. 31.32.53 1435.30,37-38 30,40 41 4243 44 45 48 47 £ 450,51 52
1, THASE T TESICN ”
1, Trade-offs_invelved in use of
Media Ysolated Tragsducer * ol s
1,2 Trade-offs involved in uase of
two b:'idges on Oue sensor vy,
tup sensars *
1.3 Selaction of compensation reafstors < DS S Ve g o it donf i e e L v
1.4 Desipn of HOOO psi *
1.4.1 Fabricate 8000 psi magk * oy BT,
1.5 Review of materials for hydyopen !
. evhritclement o
1.5 Prellminary housing desipn e e e i
1,7 JInvestiration of S{-Pyrex-Metal
aenling
1.7.} _Sealipg parameters *
1,7.2 -Sensor operarion - rogm remp ¥ oIt S
'1.7.3_ Sensar exposure = 1N remp. * =
1.8 Frvnhrnié Lest starion deslpn * b
1.8 Prelisdanvy dosien ravicw ¥
2, PHASE TI DESIGN VERIFICATION -
2.} Rudld ervopentc teat station
2.1.1 1¥, *
2.1.2 le *
2.2 Falbricate sensors
2,2.1 Maphragm diffusfon L3
2.2.2 Cell fabrdcation *
2.2,4_Mavdwyare fabricnrion *
2.2.% Asrerbly gad preliminary rest *
2.3 Seasor tesls
23,1 _Tast nlon * et
232 Vo trars * 1 | Eabrent ek crend L womey
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PRESSURE TRANSDUCER FOR SPACE SUUTTLE BOOSTER

: o
CONTRACT NASB-27442
PROGRAM PLAN
May| June 1 Judy T [ August’ T sepe. Dec. Wov. | Dec. | Jan. | | Feb. March Aprtl | Hay
) z‘gm? 19 2003 10 17 213} 7 14 212 & 11 18 25125 112330 6 13 20274 11 18 25] 8 _zslzzgia; 1205 20 4 11 18 251 B 15 22 794 13 7u
TASK DESCRIPTION 123 45617 8'9-10}11213141516171819202122SS2#252527?8?9?9313233343538373839404142434445454?4849505152
b ek

2.1.3 He tests

2.3, Bengor comp, studich

2.3.5 Mousinp desien

FHASE ITI

1.1 Cell sfakricakbion

Unrdvare fabricacion

=

Assemhl ¥

Compensation

Testing

WORN (PR [WC R )
BN L i N o

Final teporg

1/ omE=127-1 /68
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ER 4715-98

4.0 PHASE IIT - PROTOTYPE FABRICATION

The prototype fabrication phase is repofted in Progress Reports 11
through 19. The final results were not formally documented, but will be reviewed
herein, |

Investigation intco substituting a glass such as Corning 705Z caused a
slippage in the program schedule, inasmuch as a2 new sealing prcae&ure had to be
developed (Progress Report 11) and.glass delivery from vendors (which ceuld not
meet exacting polishing requirements) deiayed‘the program approximately ten
weeks, When tested it was found that the 7052 glass bonded quite well to kovar

and did not crack, even at LN, tecmperatures. However, after many tests in

2
which bonding parameters were varied, it was not possible to bond the 7052
glass.'to the silicon cell {sea Progress Report 14},

An alternate to wusing the silicon-7052 glass-kovar was investigated
and consisted of using a composite glass material which consisted of a sandwich
of glass with pyrex on ome surface to seal to the silicon and 7052 on the other
surface for sealing to the kovar, This approach did not prove practical in
. that it was developmental in nature, was very expensive; and would require a
long dzvelopment period. This additional program delay was approved and another
apprbach was pursued, |

The sensor was fedesigned {see Progress Report 15) so that the shear
stresses due to thermal expansion were acceptable, Units were built and therwmally

shocked to ligquid nitrogen temperatures without failure. The first unit was

damaged during bonding of the gold leads to the silicon cell and tooling was



CONRAG

ER 4715-98

4.0 PHASE IIi - PROTOTYPE FABRICATION (continued)

medified to apply heat directly to the cell as opposed to heating the cell
from the bottom of the sensor assembly, through the kovar base and the pyrex
ring,

The revised tooling was not capable of lopalizing the high temper-
ature at the cell fer gold lead bonding and units were continually destroyed.

The cell body was redesigned to replace the glass with AL ceramic which

2%
could withstand the thermal shock. New cells were made, ceramic parts fabri-
cated, and sensor tests were run in November 19273, Cel%s were c0m§1eted to ‘
the extent that we were able to make component selection and to subject them
to various pressure levels to record sensitivity, linearity sud temperature
coefficient. Initial results indicated that the Qensitivity was very low,
beyend a useful range, and the temperature performance, while linear over a
narrow temperature range, would not be effective over a very wide temperature
range, particularly when operating at cryogenic temperatuxés. Apparently in
utilizing a new base to support the diapﬁragm which was capabie of withstanding
thermal shock (which previously destroyed diaphragms), we distorted cell per-
forﬁance to the point that we reiected this approach.

The program was put on hold because there were no alternatives to
pursue. A program review was held #t Conrac with Ray Holder, NASA-MSFC on

14 November 1973 and it was agreed that all existing designs tried would not

meect the SOW specification, therefore the program was considered completed.

10
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17 April 1972

" PRESSURE TRANSDUCER FOR
SPACE SHUTTLE BOOSTER

Contract Ho. NAS8-27442 -

Progress Reportl
March 1972

1.0 Work Accompiished During;heporting Period

2.0

3.0

4,0

1.1

Evaluation of Corning 7052 Glass

The Corning 7052 Glass has been received and is being cut to shape.
The raw.glass was 1/4 inch thick and not flat or polished. The cut

_pieces will be returned to the vendor for polishing to final thick-

1.2

ness and flatness.

Revision of (Glass-Metal-Silicon Bonding Procedure-

" The proress for forming this seal has been the subject of continu-
- ing development during the course of the program. The procedure

as it presently exists is summarized in Appendix A. This procedure

supersedes the one repoxted in the July progress report and will be

used in the fabrication of Phase II1 sensors.

Problems Encountered

No problems were encountered during this reporting period.

Activities Planned for Next Reporting Period

Complete preparation of Corning 7052 glass parts for evaluation.

Schedule

It is necessary to revise the delivery schedule to permit evaluation of

Corning 7052 glass prior to assembly of Phase III hardware.

schedule is submitted to replace the remainder of the originmal program

plan.,

The attached

PAGE SO
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17 April 1972
' Sl . 2-01

1% April 1972
. APFENDIX A

SILICON-GLASS-METAL SEAL PROCEDURE

1.0 - GENERAL

2.0

1.1 Clean and lap electrodes before bonding,
1.2 Yating surfaces must be free of dust.

GLASS-METAL SEAL

2.1 Satup /—0 + 1500 V E!é‘cf“roo’ﬁ

T Metal \Weight ’

R Kovar FPar?

R — e Pyrey Part
"d—_”'o {500 V Rx‘.’f‘b’rl}

— 5,5, H’E’-’."}‘f\'r Seriace

— H@c?"]c'r

2.2 Procedure

. 2.2,1 Parts Preparation
2,2.1,1 Glass Pert
(1) Etch eylindrical edges with 407 HF at room

temperature,



P—

2.2,2

2.2,1.2

Assembly
2.2.2.1

2.2,2.2

2,2,2,3

2.2,.2.4

2.2.2.5
2,2,2,6

2,2,2.7

17 April 1972

LUR ATITAT0.00

APPENDIX A (continued)

2,2,1.1 Glass Part (ﬁontinued)

(2) Polish to 2 light bands.

(3) Inspect with polariscope for strains.

(4) Cleaning: Degrease thoroughly with TCE or
other organic solvent, Rinse with acetone
immedistely prior to 2ssémb1y.

Kovar Part

(1) Lap bonding surface flag,

{2) Polish to 2 light bands,

{3) Inspect with polariscope fbor strains.

Assemble parts in vacuum systém as sghown in 1.1..
Connect high voltage supply with ammster (Triﬁlett).
Evacuate to <5 x 1077, |

Turn on high voltage, bring up to 1560 Vdc; Monitor
and record current Qs tima. If arcing_occurs, turn
dovma voltage.

Heat to 800°F as indicated on T.€., Current should
increase to 3-4 ma, -
Curreat should‘decay awvay to < 0.1 ma over a period
of 5 to 20 min, i | e

Cool,

A-2
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“April 1972

APPENDIX A ({continued)

2.2,2.8 Turn off voltage after current drops below 0.1 ma.
2.2.2,9 Break vacuum, remove and inspect,
2.2.2.i0 Inspection: Immerse in TCE, inspect under 3CX

| _for bubbles and nonmbonded sﬁrfaces. |

3.0 GLASS-STLICON SEAL

3.1 Setup _
,’/,——+~—0 +i500V

/ Metal Weight

_ﬂ,,,«*‘-sf’;‘pﬂ Part

/ lg\iy@)( PE’;‘Y?‘

i

ASSY

e — Kovar ‘%?f

A-3



3.2 Procedure

CONRAC

[CORPORATION;
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Y derih1RE?

APPENDIX A (continued)

3,2,1 Part Preparation

3.2.2

3.2.1.1

3'2‘1‘2

Asseubly
3.2.2.1

3.2.2.2 A

3.2.2,3

3.2.2.4

Kovar Glass Assembly: Clean glass boanding surface
(see 2,2,1,1), Use buffered HF and ammonium '
hydroxide, 5-second dip, rinse D.I. water and

alcohol, blow dry.

Silicon Bonding Surface

(1) Surface should be polished flat - free of
gceratches, oxide or metal plating.

(2) Clean same -ac glass part,

Assemble as sh&wn in 3.1.

Repeat basically the steps éhown 2.2,2, except

this bond is generally easier than the glass-kovar
and should be dome at 700°F, if possible. Current‘
drav 1.5 to 2 ma.

Inspection -.per_paragfaph 2.2,2,10,

Inspection - polariscope - inspect for strain,

Al



FRESSURE TRANSDUCER FOR SPACE SKUYITLE BOOSTER L ’ 17 April 1972

#
SCNEDULE TO COMPLETE Contract NASB-27442
AFRIL ©OMAY ] JUNE | LY i
bl L4 21 23 k] 12 19 F1 F E] 1B 23 30 7 14 ek <0 JI
P PP e A 1 NP AP RPN WP P A YA RS SO SO PP NI PR E I U ST SR WY S S
TASK DESCRIPTION 1-2[(3-415 6{7.81¢% 10h3 12%13 14“15‘15!1? 13519 .'1 ,121'2'.-".12’3 n445 35‘2723!29 2021 32!33 34!35'35‘37-33 3040414243 44 4:54‘.-’1 4';'48.'5'3.50.51 ‘52

Evaluacion of Corning 7032 Glass -
1.1 Prepare Blanks 4718 T moemn T T
1.2 Pelish ) 4/29 et |
1.3 Assemble Test Units 5/15 t‘.;:?_’:"":’-f‘.’,‘?a‘.!
1.4 Inspect ' _5/16 Al
1.5 Test . 5/30 AT T

Final Havdware

2,1 Assemble - 6/30

1.2 Test 7/11 KA A

Jelivery Dates

3,1 Monthly Prograess Reports I Fi N A A
1.7 Final Report - Drafc 7/31 F
3.3 Nardware . 7431 S
3.4 Final Report a/31

F

. HC-E-127-a/¢p
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1.0

17 May 1972

PRESSURE TRANSDUCER FOR
 SPACE SHUTILE BOOSTER

Contract No. NAS8-27442
PROGRESS REPORT
April 1972

Work Accomplished During Reporting Period

The Cornxno 7052 glass has been cut to shape and returned to the vendor
for polishing. The parts have not been received back from polishing.

They are now due on 1 June.

Problems Encountered

No technical probléms were encountered during this reporting period.

" Delivery problems on polishing have delayed beginning of assextly of

2.0

test units by about & weeks. This problem points'up the need to do

the polfshing-in-hoﬁse in production.

Activities Planned for Next Reporting_Period.

Assemble and test units with the Corning 7052 glass.

Page 1 of 1
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1.0

2.0

3.0

4.0

PRESSURE TRANSDUCER FOR
SPACLE SHUTTLE BOOSTER

Contract No. NAS 8-27442

Progress Report
May/June 1972

Work Accomplished During Reporting Period

The Corning 7052 glass parts have been received back from polishing

after a delay of approximately 10 weeks,

Problems Encountered

No new problems were encountered during this reporting period.
Delivery problems on polishing which have been discussed previously
have continued to delay the program,

Activities Planned for Next Reporting Period

Begin assembly of end item sensors.

Sch ECIL}}E

Delivery delays discussed above will require rescheduling hardware
delivery to September 16, 1972. :

g U
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PRESSURE TPRANSDUCER FOR STACE SHUTTLE BOOSTER
Contract No. NAS 8-27442
PROGRESS REPORT
September 1972

Accomplished During Reporting Period

AY

1.1

-

Glass=Silicon-Metal Hermetic Seal
The polished Corning 7052 Kovar sealing glass parts,weré received

after a delay of nearly 10 weeks,

These parts bonded far more readily to the Kovar than did the
pyrex parts previously used. The Cornming 7052 Kovar seals were

leak free and did not crack even at liquid nitrogen temperature,

It was found, however, that the Corning 7052 glass would not bond

to silicon except at high temperature. In order to make a strain

"free bond, the bonding temperature must be 450°C. DBonding at

this temperature will result in a strain due to differential
expansion of 800 ppm which is an acceptable design 1imit. Because
of the nonlinear expansion of both Kovar and 7052 glass, a bond
made at 500°C will have a strain of 1400 ppm due to differential
expansioﬂ. This is a marginal value and aﬁy bond made above 500°C

will fracture during cooling.

It was found that bonding betweern silicon and Corning 7052 glass
%ill not occur below 500°C even at voltages of 2000V and currents

in excess of 2 ma.

T

et
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1.1 Glass-Silicon-Metal Hermetic Seal (continued)
Curves of expansion for these materials vs temperature are shown

in Figure 1,

)

In addition to these experiments, quartz and vycor glass have been

“evaluated for bonding characteristics as indicated below:

Silicon slices wete preparéd with sputtered layers of fused quartz
{pure SiOz) and additional slices with vycor glass (approximately
96% pure 8i0p). -Either of thesé glasses showed proper dielectric
and conductive properties. That is, the glass laver would with~
stand adequate voltage to accomplish a seal (150V as compé;ed to

50V minimum required to seal at this thickness of glass). The

. correct current was drawn (appfoximately 1 ma per cmz) at 500°C

for proper sealing. However, no seal occurred. .

The experiments were repeated with enough variation in parameters
to insure that these materials would not seal. Temperature was
varied between 400°C and 900°C. Voltages from 50V to 200V were
used., Three different control ﬁodes were used:

(1) Set temperature and voltage to desired level.

(2) Set temperature and current to desired level, (Control

N

SO .

current by manually adjusting voltage.)

{3) Set voltage and current to desired level., (Control current

by‘adjusting"tempeﬁaturerﬁ
—
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FRESSURE TRANSDUCER FOR SPACE SHUTTLE BOOSTER -
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1.1 Glass-Silicon-Metal Hermetic Seal {continued)

None of the combinations of parameters resulted in sealing.

Attention was given to surface preparation and cleaning, using
various organic solvents as well as acid cleaning, also with no

result,

It is concluded from the above experiments that the Mallory
Field-Assisted Sealing Procedure is highly material dependent.

This will be discussed further in paragraph 2.0 of this report.

2.0 Problems Encountered

T26 September 1972

Some pairs of materials do not result in acceptable bonding character-

istics, The findings to date in this regard are summarized in Figure Z.f

While the pyrex provides an adequate seal to fabricate sensors and

demonstrate compliance with the objectives of this program, it is felt

that additional work to provide a good reliable design is justified

even though it‘will result in further program delays.
The proposed areas'of investigation are as follows:

2.1 Graded Seals

* «The feasgibility of obtaining graded seals, i,e., glass composites

N .
2

having pyrex on one surface for sealing to silicon and 7052 on

the other surface for sealing to Kovar, will be investigated,

1
i
|
P
1
1. -

j
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26 September 1972

BONDiNC PROPERTIES OF DIFFERENT MATERIAL COMBINATIONS. '
SILICON KOVAR g
Pyrex (Corning 7740) Excellent Moderate ?
Corning 7052 Poor Excellent §
Vycox Poor — ';
Quartez Poor j::::i’C::::::

;
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2.2

2,3

’

Glass Tvpe

CONRIA
CORFOR

ETTON]

C

77726 September 1972 7

Different types of glass will be obtained and the bonding properties

determined. The following two types will be placed on order imme-_:

with promising properties:

TYPE

Softening Point
Annealing.Point
Strain Peint
Expansion

Composition

Surface Treatment

1

1720

915°C
715°C
668°C

4.2 x 107%/°¢C

Aluminosilicate

7059
842°C
635°C

~ 587°C
4.7 x 1078/°¢

Borosilicate

The fact that different giassas of similar expansion coefficient

show different bend characteristics to the same metal indicates

that the chemical bonds available at the surface play an important

part in the bonding process.

Experiments will be counducted where

the surfaces are modified by varieus platings to provide chemical

compatibility. Some combinations to be evaluated are:

diately and a search of the literature will continue for other types
i
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2.3 Surface Treatment (continued)

26 September 1972 ;

BASE MATERIAL

PLATING MATERIAL

TG SEAL TO

Kovar Sealing Glass
5ilicon

1720 Glass

1 7059 Glass

1720 Glass
7059 Glass

Pyrex

Pyrex (sputtered)
Nickel

Pyrex

Pyrex

Borosilicate (Pyrolytic)

Borosilicate (Pyrolytic)

Kovar Sealing Glass

Silicon

Kovar Sealing Glass

Silicon

Silicon

Silicoen
Silicon

Kovar

Revised Schedule

3.1. Resolve sealing prcblem
3.2 Fabricate transducers

3.3 Test and deliver transducers

30 October 1972
30 November 1972

30 December 1972

e e et e e e
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1.0 Introduction

“
Y

£

AR

permitting the pressure media to be ported to the interior of the

with the electrical 1eads.'.This is not a firm requivement of the ;

NRIAC]
onpo"} ;J
"-.18 Janﬁary 1973

Pressure Transducer for Space Shuttle
Contract No. NAS 8-27442

Progress Report .
October-December 1972

During the period covered by this report, an intensive effort has been
made to resolve the one remaining technical problem, namely to achieve

an acceptable silicon-35i0p-metal seal. This seal is a key item in

sensor cell and prevent the pressure media from coming in contact

-

Present program since the pressure media inﬁolved are pure éryogenic
gases (osygen, hydrogen and nltrogen) Obvioﬁslv'the utility of the
transducer would be llmlLEd if only nonconductive gases could be

accebted as pressure media. It has therefore been considered impor-

tant to proceed with the development as indicated below. ' i

2.0 Silicon=-8i0s~Metal Seal

-

. ';,

[
|
!
1
1
]
tl

program did not result in appreciable improvement..

The use of the silicon-SiOz-metal seal‘has been limited by a tendency
of the §i0, or of one of the interfaées to fail in shear due té
thermal expansion mismatches. A program described in the last pro-
grégs report has been pursued to alleviate this problem by investi-

gating the use of various different material combinations. This - | f

e i 4 o i At S et i e ot e AR IR L e R et ki o e i TR = mmmin = o e g ms 4



puoed Rlrns m L s mmn e 8wl ¥ ama s et enmisoms miet e = = a mimeir et © & R re o ca ik e mm et g A apan o ammo . g s ot =

18 January, 1973

Pressure Transducer for Space Shottle
Progress Report, October-December 1972 (continued)

2.0. Silicon~5i09-Metal Seal (continued) ’
The problem was meanwhile resolved by chénging the geometry so that
only one of the interfaces is in shear; ‘This interfaée can then be
designed so that the shear stresses due to thermal expansion are
“accepiable, The other interface is designed so that the glass is
in compressién and the metal in tension., This configuration is
shown in Figure 1. In this configuration, the pyrex~-kovar assembly‘
is fused in.the conventional manner, leaving Lhe pYrex in compreéssion
aﬁdlthe kovar in tension, These materials are both verﬁ strong under
this kind of loéding. The assémbly is then polished and tHe silicon

part attached by means of field assisted bonding.

Parts made in this manner have been thermally shocked to liquid’
nitregen temperatures without failure, These parts now being

assembled into complete sencors for evaluation.

3.0 Schedule
The solution of the Si-SiOz-metal seal problem has proved much more
.difficult than origionally anticipated. The .time spent in solving

this probleﬁ has been very worthwhilé, in that it will result in a

more useful device,

-

The following schedule can now be met for the cbmpletion of the

program:

g : ' LA s, &



Pressure
Progress

3.1

3.2

3.3

Final report:

Transducer for Space Shuttle
Report, October-December 1272

Fabricate traansducers

deliver transducers

Draft

Final

(continued)

28 Feb. 1973

30 Mar. 1973

30 Mar, 1973

30 May 1973

' 18 January 1973
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Pressure Transducer for Space Shuttle
Contract No. NAS 8-27442

Progress Report
January~March 1973

1.0 Parts Fabrication

CONRIAC
ON

CORFORATI

30 March 1973

Kovar-pyrex assemblies have been fabricated and are ready for assembly

into transducers.

2.0 Instrument Assembly

The first of the sensors using the new configuration has been assembled

and will be ready for test in early April.

3.0 Activity Planned for Next Reportirg Period

3.1 Test the unit presently assembled.

3.2 Complete assembly of remaining units.,

'Page Jofl
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10 May 1973

Pregsure Transducer for Space Shuttle
- Contract No. NAS 8-27442
Pfogress Report

April, 1973

1.0 Parts Fabrication

Parts fabrication is complete,

2.0 Instrument Assembly

The first instrument assembly was lost during bonding of the‘gold leads
to the silicon. Loss of the sensor vas attributed to the longer heat
‘path introduced into the assembly to permit welding of the case. The
problem is one of tooling. The tooling is being modified to permit
applying the heat directly to the silicon rather than fo the bottom of

the silicon assembly,

-

3.0 Activity Planned for Next Reporting Period

‘3.1 Complete lead-bord tooling.
3.2 Complete sensor assembly.

3.3 Testing

-

- PiPage 176f 1.
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Pressure Transducer for Space Shuttle
Contract No. RAS 8-27442

Progress Report
May-July, 1973

1,0 Parts Fabrication

Parts fabrication is complete,

2.0 Instrument Assembly

Instrument assembly is complete to the point of bonding leads -to the
“strain gages, Tooling has been prepared to facilitate lead bonding-

and is awaiting testing.

3.0 Activity Planned for Next.Reporting Period

3.1 Test iead bond tooling.
3.2 Bond leads.

- 3.3 Test sensors,

Page 1 of 1
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Ll S : .24 September 1973
. Pressure Transducer for Space Shuttle
Contract No. NAS 8-27442 '

. : Progress Peport
S . Avgust-September 1973

1.0 ACTIVITY FROM THIS REPORTING PERTOD.

C1a

-t
.
et

1.3

Tooling produced in the previous reporting period to facilitate the lead
bonding was tested on assembled sensors and it was found that jinspite of

attempts to localize high temperature with this new revised tooling, the

" high bonding_tempeg§tures caused a thermal shock to. the glass cell body -

which destfoyed the glass.

The cell body matéri;l was’revised to use AL203 ceramic rather than glass
and should be able to take the thermal shock. The design and drawings were
revised to incquorate this new matefial. | '

All diaphrams consisting of strain gages on silicon have -been fabricated

and data accumulated by means of test probes,

2.0 ACTIVITIES PLANNED FOR NEXT REPORTING PERIOD

2,1 Fabricgte AL.0, ceramic cell bodies,

2,2

- the AL,0, ceramic cell bodies to proof the high temperature heliarc pro-

273 ,
Revised design cell mounts (kovar) will belfabricated and asgembled with

"2°3

cess without damage to cell body.

2,3 Test fully assembled sensors for functional performance and prepare final

data for final report.



